A virus isolated in cell culture from the spleen of a cat with feline infectious
peritonitis was identified by physicochemical, morphological and antigenic criteria as a coronavirus. The feline infectious peritonitis virus was compared in virro with canine coronavirus, a reported enteric pathogen of dogs. The feline isolate was characterized, by chloroform sensitivity and resistance to 5-iododeoxyuridine, respectively, as containing essential lipid and an RNA genome. Other traits of the isolate included resistance to acidic conditions, heat lability, and resistance to trypsin. Electron microscopy showed viral particles with a structure consistent with that of the prototype of the coronavirus group, infectious bronchitis virus.
Indirect immunofluorescence with canine coronavirus monospecific antiserum showed the viral isolate to be antigenically related to canine coronavirus.
Specific-pathogen-free cats inoculated by various routes with cell-culture-propagated virus had both clinical symptoms and lesions consistent with feline infectious peritonitis.
Definitive studies on the pathogenesis and prophylaxis of feline infectious peritonitis have been restricted by the cell-associated nature of the agent, reported to be of the coronavirus group [ 171. Although the disease usually is fatal in cats that become clinically ill, most infections are subclinical [5] . Serological studies indicate that up to 80% of a given cat population may have antibodies to feline infectious peritonitis virus, as shown by the indirect immunofluorescence test [9, 151, and that the incidence of this viral infection is worldwide [7] .
Many attempts have been made, with limited success, to isolate feline infectious peritonitis virus in cell culture. Propagation of the virus in peritoneal macrophages was obtained in kittens infected experimentally with cell-free virus inoculum [ 161. Cultural fluids and cells from this system produced feline infectious peritonitis in kittens inoculated intraperitoneally . Replication of virus was reported in feline intestinal organ cultures up to 43 days after inoculation with feline infectious peritonitis liver or omental suspensions [8] . The criteria used to determine virus replication were electron microscopy and transmission of disease to one of two cats with fluids obtained from the organ cultures. In view of the difficulties associated with in vitro growth of feline infectious peritonitis virus, the Dahlberg strain was adapted to the brain of suckling mice [13] . Recently, a short communication reported Six hours without trypsin at 37"C/six hours with trypsin at 37°C.
the successful growth of a coronavirus in feline embryonic lung cells for over I00 passages, with typical feline infectious peritonitis resulting when the virus was inoculated into previously healthy cats [ 121.

Materials and Methods
The feline infectious peritonitis virus used in this study was derived originally from a 10% spleen homogenate serially passaged three times in specific-pathogen-free cats. The spleen suspension was diluted 1: 10 with minimal essential medium (Grand Island Biological Company, Santa Clara, Calif.) supplemented with 10% fetal bovine serum (Flow Laboratories, Inglewood, Calif.) and 50 pg/ml gentamicin (Schering Corp., Kenilworth, N.J.). One milliliter of the diluted suspension was inoculated in duplicate onto Crandell feline kidney cells in 25-cm2 plastic flasks and incubated at 36°C closed to C02. The flasks were observed daily for cytopathic effect. Medium was changed at four-day intervals until a cytopathic effect was seen at 14 days after inoculation. The cytopathic effect was characterized by the formation of small multinucleated giant cells (8 to 10 nuclei), coincident with cell rounding. The cell culture fluids were passaged after one freeze and thaw cycle and low speed centrifugation to clarify the fluids. The cytopathic effects appeared within 48 hours after inoculation at second passage and continued to do so following simultaneous inoculation of virus with freshly trypsinized cells. The infected cells settled down and adhered to the bottom of the plastic flask within six hours of the passage procedure.
The feline infectious peritonitis virus was plaque-purified in Crandell feline kidney cells according to reported procedures [I]. Definitive physicochemical characterization and electron microscopy were conducted on a population of virus derived from plaque #15 and called NOR 15. The titer of the virus stock was lo5.* tissue culture infective doses 50% (TCIDs) per 0.025 ml.
Feline herpesvirus isolate 7943, from the Companion Animal Virology Laboratory, Washington State University, Pullman, Wash., was used as the DNA virus control in the indirect nucleic acid determination study. The titer of 7 9 4 3 virus was 106.8 TCIDm per 0.025ml.
Canine coronavirus, strain 1-7 I, was obtained from the American Type Culture Collection, Rockville, Md. The 1-7 1 virus was adapted to Crandell feline kidney cells by three passages at weekly intervals. The in vitro properties of this virus have been reported [2] . The titer of the 1-71 virus stock used in this study was lo6.' TCIDa per 0.025 ml. Monospecific antiserum prepared against canine coronavirus was kindly provided by Dr. L. Carmichael, Cornell University, Ithaca, N.Y. Crandell feline kidney cells initially obtained from Dr. D. Burger, Washington State University, Pullman, Wash., were used throughout this study. The cells were grown and maintained in minimal essential medium supplemented with 10% fetal bovine serum and 50 pg/ml of gentamicin.
Indirect immunofluorescence [9] was done with canine coronavirus monospecific antisera and anticanine gamma globulin conjugated to fluorescein isothiocyanate (Antibodies, Inc., Davis, Calif.).
Electron microscopic examination of sucrose gradient purified NOR 15 was done as described [3] with the following exceptions: grids were viewed in a Hitachi Hu 125 at an accelerating voltage of 75kV, and a 6% formaldehyde solution was used for futation of the virus preparation.
The physicochemical characteristics of NOR 15 (table I) were determined with techniques reported for the characterization of infectious bronchitis virus [ 141. These included chloroform sensitivity, acid resistance, heat lability, and trypsin resistance. Indirect determination of nucleic acid was done with 100 p g h l of 5-iododeoxyuridine [4].
One ml of cell culture virus was inoculated by various routes into specific-pathogen-free cats, 6 to 8 weeks old (table 11) . Clinical signs were monitored daily. Tissues for histologic examination were fmed in neutral buffered 10% formalin and processed routinely (table HI) .
Cut sections were stained with hematoxylin and eosin (HE).
Results
The physicochemical characteristics of NOR 15 virus were compared to canine coronavirus. The similarity between the two viruses is shown in table I. Triplicate tests showed that both viruses were inactivated by chloroform, indicating the presence of essential lipid. Both canine coronavirus and NOR 15 virus were resistant to pH 3.0 for three hours at 4°C and were sensitive to heating at 56OC for 15 minutes. Trypsin treatment showed that canine coronavirus was resistant to 0.25% (final concentration) of trypsin, whereas NOR 15 virus was considered semiresistant, because the virus titer decreased more than 100-fold after treatment. Neither virus was affected by the addition of 5-iododeoxyuridine, whereas feline herpesvirus, a known DNA virus, was inhibited from replicating.
Electron microscopic examination of NOR 15 showed the virion to be moderately pleomorphic with irregularly spaced projections ( fig. 1) . Virions with flask-shaped internal orientation were common (fig. 2 ).
Crandell feline kidney cells infected with NOR 15 virus reacted with canine coronavirus monospecific antiserum in the indirect immunofluorescence test. The fluorescence ( fig. 3 ) was confined to the cytoplasm of infected cells. The clinical disease included a fever of 2 40°C from day 2 or 3 after inoculation until death at about 28 days. Total white blood cell counts were less than 5,W/pl by day 3 or 4 in 28 of 33 inoculated cats, and as low as 660/pl in one cat. The distribution of white blood cells was altered from preinoculation values. Eosinopenia was found in 10 of 32 inoculated cats, and lymphopenia and eosinopenia in 16 of 32. Thus an absolute eosinopenia and lymphopenia with a relative neutrophilia was seen in the majority of inoculated cats. A decrease in the packed cell volume was seen at 10 to 14 days after inoculation. The packed cell volume decreased more than five percentage points from pre-inoculation values and was less than 28 per cent in 23 of 32 inoculated cats. Icterus of the blood plasma appeared as early as day 4 after inoculation in 24 of 32 inoculated cats.
Macroscopic lesions were found frequently in liver, spleen, lung, thymus, lymph nodes, tonsils, small intestine and omentum (table 111). The lesions varied in quantity and appearance from cat to cat and from organ to Qrgan. The surfaces of liver, kidney, thymus and lymph nodes had petechial hemorrhages or hemorrhagic foci surrounded by a pale ring of necrotic tissue. Raised nodular, yellow-tan, firm lesions also were found on the surfaces of liver, spleen, urinary bladder, and intestines but tended to extend deeper into the parenchyma and coalesce to form large necrotic foci ( fig. 4) . The omentum was edematous, hemorrhagic and contained nodular granulomatous areas. It did not cover the intestines but was found as a gelatinous mass of tissue near the spleen. The lungs had scattered, grey-white, raised plaques on the surface (fig. 5) . A fibrinous exudate was attached to most organs in the abdominal cavity, as well as both thoracic and abdominal surfaces of the diaphragm. When present, abdominal or thoracic fluid was icteric, clear, odorless and tenacious, and clotted on exposure to air. The fluid volume ranged from 1 ml to over 150 ml per cat. Compared to uninoculated cats of similar age, the thymus and tonsils of inoculated cats were atrophic. The thymus usually was surrounded by icteric gelatinous tissue. Lymph nodes were edematous with pale foci of necrotic tissue at the surface and in the cortex. Pale necrotic foci were seen on the surface of kidneys along and often in the path of subcapsular vessels. The frequency of lesions in cats inoculated with NOR 15 virus is summarized in table 111. Individual cell necrosis was present in the cortex of lymph nodes, follicles of the spleen, scattered lymphoid areas of the lung, tonsils, Peyer's patches of the small intestine, and sinusoids of the liver in early stages of the disease. Large foci of cell necrosis formed later in the disease ( fig. 6 ). Erythrophagocytosis occurred in the subcapsular and medullary sinuses of lymph nodes, in the spleen, and in sinusoids of the liver. Scattered fibrinonecrotic foci surrounded by lymphocytes, macrophages, plasma cells, and neutrophils were present at the surface and deeper in the parenchyma of the liver, lung, lymph nodes, spleen and tonsils ( fig. 7) . Small vessels of the omentum, mesentery, serosal surfaces of the intestine, gall bladder, urinary bladder, uterus and ovaries, and subcapsular vessels of the kidney, were surrounded by a mixture of lymphocytes, macrophages, plasma cells and neutrophils. There was disruption of vessel walls, and thrombi were found in a few vessels. The cortex of lymph nodes, thymus and lymphoid follicles of the spleen were depleted of lymphocytes. Intestinal villi were short and thick, and had dilated crypts with rare foci of fibrinonecrosis of the lamina propria. Plasma cells were the predominant cell type in the lamina propria. There were small foci of fibrinonecrosis in the bone marrow.
Virus was re-isolated in Crandell feline kidney cells from the spleen, mesenteric lymph nodes and thymus of four affected cats monitored virologically. The virus had properties consistent with NOR 15 as determined by indirect immunofluorescence.
Discussion
Physicochemical studies of NOR 15 virus showed that it was similar to canine coronavirus except for its response to trypsin. NOR 15 virus was semi-resistant to trypsin, while canine coronavirus was resistant. The differences found in the trypsin studies may be reflective of different members of the coronavirus group with the irregularly spaced surface projections resemble the low-density virus particles described for sucrose gradient purified infectious bronchitis virus [ 101.
The observation that canine coronavirus and feline infectious peritonitis virus were closely related antigenically [ 171 also was of value in identifying NOR 15 virus. The results indicated that NOR 15 cross-reacted with canine coronavirus monospecific antiserum when tested by indirect immunofluorescence.
The isolation and identification of a virus from the spleen of a cat with feline infectious peritonitis is noteworthy, because previous attempts at in vitro culture frequently have been unrewarding. The isolate we describe was derived from a spleen suspension from a naturally occurring case of feline infectious peritonitis that had been passaged three times in specific-pathogen-free cats. Previous studies of experimental feline infectious peritonitis infections usuaily have used liver homogenates inoculated intraperitoneally rather than spleen homogenates administered orally to transmit the disease [9, 15, 161 . Our results suggest that the spleen is a preferable organ in transmitting the disease and that oral inoculation may result in a more pronounced disease.
Passage of the feline infectious peritonitis virus isolate in the form of spleen homogenates through specific-pathogen-free cats may have selected a virus population capable of enhanced in vitro propagation. NOR 15 virus replicated in Crandell feline kidney cells, resulting in multinucleated giant cells and progressive destruction of the monolayer. The permissive nature of Crandell feline kidney cells for NOR 15 needs to be studied further. Previous attempts by our laboratory, as well as other investigators, to culture feline infectious peritonitis virus in vitro have been frustrating [8, 13, 161 . The use of permissive, freshly trypsinized cells inoculated with spleenpassaged virus may have been factors in the results obtained.
The clinical disease and the lesions produced in specific-pathogen-free cats with NOR 15 virus are consistent with previous reports [6, 181 of feline infectious peritonitis in the naturally occurring and the experimentally induced disease in cats.
It will be of interest to elucidate the pathogenesis of NOR 15 in conventional and specific-pathogen-free cats and to determine whether the disease is immune-mediated, as has been postulated for a number of years [5, 61.
Addendum. Since the completion of this characterization study, another report concerning the isolation of a coronavirus from a case of feline infectious peritonitis has been published (Black, J.W.: Recovery and in vitro cultivation of a coronavirus from laboratory-induced cases of feline infectious peritonitis (FIP). Vet Med Small Anim Clin 7581 1980) . That study used Crandell feline kidney cells and cocultivation techniques to isolate a virus that cross-reacts with another coronavirus, transmissible gastroenteritis virus of swine. Pathogenesis studies with the putative feline infectious peritonitis virus were not reported.
